& Researchers have long debated whether knowledge about the self is unique in terms of its functional anatomic representation within the human brain. In the context of memory function, knowledge about the self is typically remembered better than other types of semantic information.
INTRODUCTION
An impressive human talent is the ability to reflect on past experiences and to project the self into imagined futures. Indeed, it is this introspective ability that has prompted a host of noted thinkers to raise some vexing questions about the nature and status of the self ( James, 1890) . In experimental psychology, the debate has centered on two main issues. Is the self a unique cognitive structure? Does self-referential processing have some privileged status in the brain, or is it functionally equivalent to semantic processing about other classes of stimuli, such as cars, politicians, and Caribbean islands (Klein & Kihlstrom, 1986; Klein & Loftus, 1988; Maki & McCaul, 1985; Bower & Gilligan, 1979; Markus, 1977; Rogers, Kuiper, & Kirker, 1977) ? Put simply, is selfreferential processing special in any way?
Early research on this topic was revealing as it demonstrated a memorial advantage for information that was processed in a self-referential manner. Rogers et al. (1977) , for instance, showed that trait adjectives that were processed with reference to the self (e.g., ''Does the word 'honest' describe you?'') were better recalled than comparable items that were processed only for their general meaning (e.g., ''Does the word 'honest' mean the same as 'trustworthy'?''). This finding was important as it extended the seminal work of Craik and Tulving (1975) on depth of processing, which had previously shown that words processed for their semantic meaning were remembered better on a subsequent memory test than words processed for their structural features (e.g., ''Is the word 'dependable' in lowercase letters?''). The message that has emerged from subsequent studies that have investigated the relationship between self and memory function is a consistent one-self-reference permits superior memory relative to other semantic encoding tasks (see Symons & Johnson, 1997) . But why exactly does this self-reference effect occur?
Two putative explanations have been offered for the self-reference effect in memory. One account suggests that the self is a unique cognitive structure that possesses extraordinary or additional mnemonic abilities, hence the enhanced memorability of material that is processed in a self-referential manner (e.g., Maki & McCaul, 1985; Rogers et al., 1977) . As Rogers et al. have suggested, the self functions as a ''superordinate schema'' (p. 686) that serves to facilitate the encoding and retrieval of information. However, other researchers take a different view. The basis of their argument is that there is nothing special about the self per se (i.e., no distinct structure or neural process devoted to selfreferential processing). Rather, the memory enhancement afforded to self-reference can be interpreted as an extension of the basic depth-of-processing effect (e.g., Greenwald & Banaji, 1989; Klein & Kihlstrom, 1986) . That is, the wealth of knowledge we have about ourselves in memory simply encourages more elaborative encoding (and representation) of material that is processed in relation to the self (Klein & Loftus, 1988) . In turn, this elaborative processing supports the enhanced memorability of self-relevant information.
Despite the clarity of these competing viewpoints, how self-referential processing boosts memory performance remains open to debate. A problematic feature of these candidate theoretical accounts is that they are difficult to evaluate competitively using purely behavioral measures. As such, researchers have recently turned to neuroimaging techniques in an attempt to inform current understanding of self-referential processing and its impact on memory function (e.g., Craik et al., 1999) . Building on this work, the present investigation used event-related functional magnetic resonance imaging (fMRI) to investigate whether there is indeed anything special about self-referential processing. To address this question, participants were imaged while making various judgments about trait adjectives (see also Craik et al., 1999) . Each trait word was presented concurrently with a ''cue'' that instructed participants as to which type of judgment they were required to make (Figure 1 ). Participants judged each trait adjective in one of three ways: self (''Does the adjective describe you?''), other (''Does the adjective describe current U.S. President George Bush?'') 1 ; and case (''Is the adjective presented in uppercase letters?'').
These judgments were expected to produce varying levels of subsequent memory performance (self > other > case). Critically, however, they also permitted a direct test of the competing explanations for the self-reference effect. Functional imaging studies have previously identified multiple regions within the left frontal cortex that show greater activation for elaborative semantic encoding of words than for nonsemantic, surface-based encoding of words (Wagner et al., 1998; Gabrieli et al., 1996; Demb et al., 1995; Kapur et al., 1994 ; for review, see Buckner, Kelley, & Petersen, 1999) . If the self-reference effect results from an extension of ordinary memory processes, then one might expect to observe greater activation for selfrelevant judgments than for other-and case-based judgments in those same left frontal regions known to be sensitive to semantic encoding. Alternatively, if the self-reference effect results from properties of a unique cognitive self, then one might expect selfreferential processing to selectively engage brain regions that are distinct from those involved in general semantic processing. We investigated these possibilities in the following experiment. Figure 1 . Examples of the self, other, case, and fixation trial types. Trials were randomly intermixed, and one trial was presented every 2.5 sec. For each of the three judgment trial types, the ''cue'' (presented above the central fixation) indicated which type of judgment to make for the trait adjective (presented below the fixation). Figure 2 ). Regions were defined using an automated algorithm that identified all contiguous voxels within 10 mm of the peak that reached the significance level ( p < .0001). Bars indicate standard error of the mean (SEM).
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Time ( motor cortex, and the cerebellum. Activations were also observed medially in the anterior cingulate gyrus, the left thalamus, and the left caudate nucleus. Peak locations for activated regions are listed in Table 2 (both positive and negative differences are reported). While a number of brain regions revealed significant increases in activation for encoding trials relative to baseline, other brain regions exhibited decreases in activation. Brain regions that exhibited significant decreased activity included the medial prefrontal cortex (MPFC), the posterior cingulate (near precuneus), and bilateral regions in the lateral frontal, parietal, and medial temporal cortex. Figure 3 shows significant activations that were observed when relevance trials (self and other) were directly compared to case judgment trials. This contrast can be conceptualized as a traditional levels-of-processing contrast that compares deep, or semantic-based processing, to shallow, or surface-based processing. Areas showing greater activity for relevance judgments than for case judgments include the left inferior frontal cortex and the anterior cingulate. The time courses for each region are shown in Figure 3 (right panel). In both brain regions, the temporal profile of activity reveals clear differences between semantic judgments (self and other trials), which yielded robust positive hemodynamic responses, and nonsemantic judgments (case trials), which produced a much weaker response. The time courses for self and other trial types did not differ from each other in these two regions.
To identify brain regions that showed different patterns of activation across the two types of semantic judgments, self judgment trials were directly compared to other judgment trials. Figure 4 shows significant activations that were observed in this direct comparison. Self judgments, when compared directly to other judgments, revealed greater activation in the MPFC and the posterior cingulate. It should be noted that both of these regions exhibited decreased activity when all encoding trials were contrasted with baseline (see Figure 2) . The ''apparent'' positive activation of these regions in the direct comparison results from the difference between two decreases relative to baseline (with other trials exhibiting a greater decrease from baseline relative to self trials). This can be seen clearly by examining the time courses for each region (Figure 4, right panel) .
It is also important to note that the pattern of activation across the three trial types differs between the two brain regions. The hemodynamic response observed in the MPFC exhibits selectivity for self judgments. In this region, both other and case judgments produced robust decreases in activity relative to baseline that did not differ from each other. Self judgments yielded a much weaker decrease in the MPFC. By contrast, the activation pattern observed in the posterior cingulate was not uniquely sensitive to self-referential processing. In this region, other judgments elicited the greatest decrease; self and case judgments produced weaker decreases of comparable magnitudes.
DISCUSSION
Consistent with levels-of-processing predictions (Craik & Tulving, 1975) , trait adjectives judged in a semantic fashion (self and other) were later remembered better than adjectives judged only for surface-based features (case). More importantly, however, adjectives judged for self-relevance were remembered better than adjectives judged for relevance to a familiar other (President Bush). This finding is consistent with a number of behavioral studies that have demonstrated a self-reference superiority effect in memory (see Symons & Johnson, 1997) .
Behavioral differences in subsequent memory for the three different trial types were accompanied by differences in neural activation during encoding judgments as indexed by blood oxygen level-dependent (BOLD) contrast fMRI. The activation pattern suggests a hierarchy of neural involvement. A number of brain regions were commonly activated across all three trial types, including activations in the occipital and parietal lobes, the motor Figure 2 ). Regions were defined using an automated algorithm that identified all contiguous voxels within 10 mm of the peak that reached the significance level ( p < .0001). Bars indicate standard error of the mean (SEM). Activity in the MPFC (A) was uniquely sensitive to self encoding trials, whereas activity in the posterior cingulate (B) was comparable across self and case encoding trials. B cortex, the thalamus, and the cerebellum. These activations likely reflect brain regions involved in general aspects of task performance that were common to all three trial types (e.g., viewing words and generating a motor response). Other brain regions exhibited greater specificity. The left inferior frontal cortex and the anterior cingulate were selectively active during semantic judgments. The greater activation of the left inferior frontal cortex is consistent with a number of previous imaging studies that report left inferior frontal activation during tasks that encourage meaning-based encoding of verbal materials (for review, see Buckner et al., 1999) . One interpretation of these findings is that left frontal activation may subserve the levels-of-processing effect observed by psychologists. To the degree that a task encourages elaborative semantic encoding, left frontal regions are activated, and those items are later remembered well. In the present study, both self-relevant and other-relevant judgments encouraged semantic-based processing of trait adjectives and, as a result, produced greater left frontal activation and better subsequent memory than did case judgments. However, self judgments produced even greater subsequent memory than did other judgments. If the self-reference effect is to be thought of as an ordinary extension of the levels-ofprocessing effect, left frontal activity might be expected to mediate the effect. In the present study, however, self judgments did not result in any additional activation of left frontal regions. If left frontal activity is viewed as a surrogate for ordinary semantic processing, then these results argue against the notion that the self-reference effect is driven by ordinary memory processes.
It should be noted that behavioral studies suggest that subsequent memory performance for words judged in reference to another person may depend on how well known the other is to the participant. For instance, when judgments are made with reference to intimate others (e.g., a parent, spouse, or best friend), the self-reference effect is reduced (Keenan & Baillet, 1980; Bower & Gilligan, 1979) . When the other is a familiar public figure, as was the case in the current study, the self-reference effect is noticeably stronger (Conway & Dewhurst, 1995; Keenan & Baillet, 1980; Bower & Gilligan, 1979) . Future research is needed to examine the role that familiarity may play in the neural effects reported herein.
So, is there anything special about the self? The current results suggest that a region of the MPFC is selectively engaged during self-referential judgments. This finding is consistent with previous imaging studies of self-referential mental activity. Most relevant to the current investigation, Craik et al. (1999) used positron emission tomography (PET) to investigate the neural basis for the self-reference effect in memory and observed a number of activations within prefrontal cortex that were selectively engaged during self-referential processing. These activations included the MPFC activation observed here as well as additional right prefrontal activations (near BA 10) that were not observed in the current study. Unfortunately, PET imaging constraints made it difficult to implement the behavioral paradigms necessary to elicit the self-reference memory effect in an optimal manner. As a result, it is difficult to interpret the PET imaging data in the absence of a significant self-reference effect. Alternatively, the absence of the fronto-polar activation in the present study may reflect procedural differences between the two imaging techniques (PET vs. fMRI). There is some speculation that fMRI may be less likely to detect fronto-polar activation than PET (Mottaghy et al., 2000) .
More recently, Gusnard, Akbudak, Shulman, & Raichle (2001) used a blocked-design fMRI paradigm to examine judgments about affectively normed pictures and observed MPFC activity that was preferentially associated with introspective judgments. The view that the MPFC plays a prominent role in self-referential processing is also supported by neuropsychological evidence (Wheeler, Stuss, & Tulving, 1997; Stuss & Benson, 1986) . A lack of self-reflection, introspection, and daydreaming have long been associated with damage to areas of the PFC (Ackerly & Benton, 1947) . Indeed, Wheeler et al. (1997) have argued that persons with damage to specific areas of the PFC are unable to reflect on personal knowledge. It is possible that the self-reference superiority effect depends on an intact ability to be self-reflective, and that neural activations in the MPFC reflect such a process.
It is important to emphasize that the response observed in the MPFC both in the current investigation and in the study by differs from that which is typically referred to as an activation by researchers (defined as an increase in regional brain activation relative to baseline). Responses in the MPFC are almost always observed as decreases in activation relative to baseline . In fact, the MPFC appears to be part of a network of brain regions that consistently exhibit task-related decreases in activity (Shulman et al., 1997) . Decreases in these regions appear to be largely task-independent, occurring across a wide variety of goal-directed tasks. The consistency of this pattern of deactivations prompted Raichle et al. (2001, pp. 676) to suggest the existence of ''an organized, baseline default mode of brain function that is suspended during specific goal-directed behaviors.'' This description fits nicely with the finding that baseline metabolic activity in the MPFC is high at rest Ingvar, 1979 ) and provides a context in which to consider the self-reference effect observed in the present study. Self-referential mental activity may be the by-product of ''stimulus independent thoughts'' (Teasdale et al., 1995; Antrobus, Singer, Goldstein, & Fortgang, 1970) . In other words, it is what people spontaneously do when they are not actively engaged in the processing of externally generated information. In this regard, self-relevant mental activity may be categorized not by its unique difference from resting brain activity, but by its ''similarity'' to spontaneous human brain activity. Importantly, self-referential thought seems to be mediated by a specific, anatomically distinct brain region. To the degree that participants engage in directed self-referential decisions, MPFC activity mirrors that of the MPFC at rest. When decisions are externally directed, activity in this region attenuates.
The present results suggest that self-referential activity in MPFC is transient, or item-specific, and can be directly wedded to individual trials in which participants make directed self-relevant decisions. Previous linkages between self-referential thought and MPFC activity have been made indirectly using blocked-design paradigms (where a number of like trial types are presented in succession-see Craik et al., 1999) . Blocked procedures are problematic, however, as they potentially confound task specificity with stimulus specificity; activations (or deactivations) observed in blocked-design studies may reflect item-related processes, processes associated with a more global cognitive state, or both (for an elegant demonstration of how state and item effects can be dissociated, see Donaldson, Petersen, Ollinger, & Buckner, 2001 ). Because trial types were randomly intermixed in the current study, item-related activity was examined in isolation. As such, our results tie activity in the MPFC directly to the type of decision that was made.
In summary, the present results contribute to a debate that has interested cognitive and social psychologists for decades-is their something special about self-referential processing? If the self-reference effect in memory is accomplished by the additional engagement of ''ordinary'' brain regions involved in semantic processing, then self judgments would be expected to produce greater left inferior frontal activity than other judgments. However, left inferior frontal involvement did ''not'' differ during self and other judgments. Instead, the difference between self and other judgments was the additional recruitment of the MPFC, presumably reflecting access to knowledge unique to one's self. Accordingly, the current results are consistent with the idea that self-referential processing is unique in terms of its functional representation in the human brain, a notion that has received emerging support from recent functional imaging studies Craik et al., 1999) . Finally, the present results offer a potential neural substrate (MPFC) for the self-reference effect in memory, a possibility that awaits further empirical investigation.
METHODS Participants
Twenty-four participants between the ages of 18 and 30 (13 men, 11 women, mean age = 20 years) were recruited from the local Dartmouth community. All participants were strongly right-handed as measured by the Edinburgh handedness inventory (Raczkowski, Kalat, & Nebes, 1974) . Participants reported no significant abnormal neurological history and all had normal or corrected-to-normal visual acuity. Participants were either paid for their participation or received course credit. All participants gave informed consent in accordance with the guidelines set by the Committee for the Protection of Human Subjects at Dartmouth College. Of the 24 participants, 2 were removed from subsequent analysis due to technical difficulties with fMRI data reconstruction. A third participant was removed as a result of excessive movement during imaging (>1 mm between successive image acquisitions). Results reported here reflect data analyzed from the remaining 21 participants (12 men, 9 women, mean age = 20 years).
Apparatus
Imaging was performed on a 1.5-T whole body scanner (General Electric Medical Systems Signa, Milwaukee, WI) with a standard head coil. Visual stimuli were generated using an Apple G3 Laptop computer running PsyScope software (Cohen, MacWhinney, Flatt, & Provost, 1993) . Stimuli were projected to participants with an Epson (model ELP-7000) LCD projector onto a screen positioned at the head end of the bore. Participants viewed the screen through a mirror. A fiber-optic, light-sensitive key press interfaced with the PsyScope Button Box (New Micros, Dallas, TX ) was used to record participants' behavioral performance. Cushions were used to minimize head movement.
Imaging
Anatomical images were acquired using a highresolution 3-D spoiled gradient recovery sequence (SPGR; 124 sagittal slices, TE = 6 msec, TR = 25 msec, flip angle = 258, voxel size = 1 Â 1 Â 1.2 mm). Functional images were collected in runs using a gradient spin-echo, echo-planar sequence sensitive to BOLD contrast (T2*) (TR = 2500 msec, T2* evolution time = 35 msec, flip angle = 908, 3.75 Â 3.75 mm inplane resolution). During each functional run, 75 sets of axial images (33 slices; 4.5-mm slice thickness, 1 mm skip between slices) were acquired allowing complete brain coverage.
Behavioral Tasks
Participants were imaged during two functional runs while making judgments about trait adjectives. Judgments were one of three types: self (''Does this adjective describe you?''), other (''Does this adjective describe current U.S. President George Bush''), and case (''Is this adjective printed in uppercase letters?''). Participants indicated their responses via a left-or right-handed key press. Each trial lasted 2500 msec and consisted of a four-letter ''cue'' word (either self, Bush, or case) presented for 2000 msec above a central fixation and a unique trait adjective (e.g., ''POLITE'') presented for 2000 msec below a central fixation (Figure 1) . The central fixation remained on the screen throughout the duration of each trial. All text was presented in Geneva font (white letters on a black background; letters subtended $0.58 of visual angle). Prior to the first functional run, participants were given practice trials to familiarize them with the tasks. Practice continued until participants indicated they were comfortable with the tasks.
A total of 270 unique adjectives were selected from a pool of normalized personality trait adjectives (Anderson, 1968) . Lists were counterbalanced for word length, number of syllables, and valence (half of the words in each list were positive traits, the remaining half were negative traits). Across participants, lists were rotated through conditions such that trait adjectives that appeared in the self judgment trials for one participant appeared in a different condition (other or case) for other participants. During each of the two functional runs, 15 self trials, 15 other trials, 15 case trials, and 30 fixation trials were pseudorandomly intermixed such that each trial type followed every other trial type equally often. Fixation trials consisted of a central fixation point presented on the screen for 2500 msec. These trials were included to introduce ''jitter'' into the time series so that unique estimates of the hemodynamic responses for the trial types of interest could be computed (Ollinger, Shulman, & Corbetta, 2001 ) (see Data Analysis below).
Following the two encoding runs, participants were given a ''surprise'' recognition memory test. Participants viewed the 90 trait adjectives that were previously presented during the encoding scans along with 90 novel trait adjectives that had not been presented during the encoding scans. Words were presented sequentially in the center of the computer screen for 2000 msec. A fixation point (500 msec) preceded each word. For each word, participants indicated (via leftand right-handed key presses) whether the word was old or new.
Data Analysis
fMRI data were analyzed using Statistical Parametric Mapping software (SPM99, Wellcome Department of Cognitive Neurology, London, UK) (Friston et al., 1995) . For each functional run, data were preprocessed to remove sources of noise and artifact. Functional data were corrected for differences in acquisition time between slices for each whole-brain volume, realigned within and across runs to correct for head movement, and coregistered with each participant's anatomical data. Functional data were then transformed into a standard anatomical space (2-mm isotropic voxels) based on the ICBM 152 brain template (Montreal Neurological Institute) which approximates Talairach & Tournoux's (1988) atlas space. Normalized data were then spatially smoothed (6 mm full width half maximum [FWHM]) using a Gaussian kernel. Analyses took place at two levels: formation of statistical images and regional analysis of hemodynamic responses.
Statistical Images
First, for each participant, a general linear model, incorporating task effects (modeled with a canonical set of three functions: the hemodynamic response function, its temporal derivative, and its dispersion derivative; Friston et al., 1998) , a mean, and a linear trend were used to compute parameter estimates (b) and t-contrast images (containing weighted parameter estimates) for each comparison at each voxel. These individual contrast images were then submitted to a second-level, random-effects analysis to create mean t-images (thresholded at p = .0001, uncorrected; minimal cluster size = 20 mm 3 ). An automated peak-search algorithm identified the location of peak activations and deactivations based on z value and cluster size. This analysis allowed several comparisons to be made. First, individual trial types could be collectively compared to baseline (self + other + case > baseline) to identify general task-related activations and deactivations that were common to one or more trial types. In addition, individual trial types could be directly compared to each other (e.g., self > other) to identify activations that differed between trial types.
Hemodynamic Responses
To obtain time courses for the three trial types in an unbiased manner, regions-of-interest (ROIs) were defined based on peaks identified in the mean t-image comparing all three trial types to baseline. In this way, each trial type contributed equally to the generation of ROIs. All significant voxels ( p < .0001) within 10 mm of a peak location were included in each region. For each participant, hemodynamic response functions (10 frames long) for each trial type were then estimated across each ROI using a finite impulse response formulation of the general linear model Burock & Dale, 2000) . The parameter estimates for this model (calculated using the least-squares solution to the general linear model) are estimates for the temporally evolving response magnitude at each of the 10 points in peristimulus time, selectively averaged across all occurrences of that peristimulus time interval. This approach has recently been implemented by Poldrack and colleagues as an add-on toolbox to the SPM analysis software (SPM ROI Toolbox, http://spm-toolbox.sourceforge.net).
